Apart from geodesy and geophysical interest, GPS has great importance in scientific applications. For many years GPS has played a major role in determining ionospheric characteristics, including TEC and electron density profiles. The ionospheric effects in the propagation of Global Positioning System (GPS) signal is one of the main sources of error in GPS precise positioning. Therefore, it is important to have a precise estimation of the ionospheric delays. The developed model is a function of elevation angle and TEC. Then ionospheric correction model has been developed to accurately determine the difference in ionospheric delay so that a more accurate differential GPS correction can be made. A good model for the low-latitude region has become more and more important because of the need for high accuracy GPS positioning. An ionospheric error correction model should be made applicable to any location including the low-latitude region. The model has been validated and it gives the differential (between spaced receivers) ionospheric error to sub-centimetre accuracy.
GPS Relative Positioning:
There are two basic methods for GPS positioning: absolute point positioning and relative positioning. In practice, code pseudo ranges are sufficient for most applications with sub-meter accuracy. Whereas, for sub-centimetre accuracy, the phase observable is used. For a better accuracy and minimized systematic errors, relative positioning techniques are used. This requires one fixed reference station with known coordinates (surveyed location) and another static or roving station. Both of these two stations receive the same GPS signal from the same satellite and have some common pseudo range error components, which can be removed. The reference station uses its known location to compute the error correction factor and transmits it to the static or roving receiver with unknown position to correct its measurements. By applying the corrections to the signal received, a user can typically improve the accuracy down to 5 m level or better [8] . This technique is called Differential GPS (dGPS) and is based on the double difference method.
Ionosphere:
The ionosphere is strongly related to solar activity that has an 11-year cycle. Geomagnetic activity shows a clear correlation with the sunspot cycle and has a peak occurring close to the sunspot maximum. More accurate values of the magnetic field can be obtained by using the International Geomagnetic Reference Fields (IGRF) [9] . The common and important index to describe the intensity of the field is called Kp index (p: planetary). This index is directly related to the three-hour index ap, and the daily indexes Ap, Cp and C9 [10] . Monthly published data can be obtained from SolarGeophysical Data report [11] . The parameter of the ionosphere that produces most of the effects on GPS signal is the total number of electrons (TEC) along the path.
Ionosphere Model:
Ionospheric models are usually computed by determining the TEC in the direction of all GPS satellites in view from a ground GPS network. The simple but less accurate method is the Klobuchar model for single frequency where the required parameters are available from the ephemeries data [12] . The short baseline distance of about 20 km was processed from Wisma Tanah Kuala Lumpur, KTPK (3 10' 15.44"N; 101 43' 03.35"E) as a reference station and UPM Serdang, UPMS (2 59' 36.22"N; 101 43' 24.63"E) as a mobile station. The difference in ionospheric induced error between two stations can be expanded as:
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Modelling the Ionosphere using 10 order Polynomial:
The ratio that was modelled by a polynomial function as define in eqn. (2). The polynomial coefficient is almost constant for any baseline length and elevation angle. 
Line of sight (LOS):
In this work the IGS fixed positions were used as an initial input to the calculation of the satellite position using broadcast ephemeris data. To obtain the LOS, the receiver and satellite positions should be known, and there are several methods to obtain them. The real time satellite position is sufficient in this application and the precision of LOS is not so crucial compared to other parameters in the model. From this calculation the difference in LOS between the spaced stations was obtained as defined below: ICEENG Conference, 27-29 May, 2008 EE050 -5 
TEC Estimation Using GPS Measurements:
A dual-frequency GPS receiver measures pseudo ranges and carrier phases at L1/L2 and its observables are used to compute TEC. In this work the method that uses data from dual frequency especially the pseudo range filtered by the carrier phase will be focused. The TEC data derived from GPS pseudo range measurements have a large uncertainty because of the high noise level of the pseudo ranges. In contrast, the noise level of carrier phase measurements is significantly lower. To reduce the effect of pseudo range noise on TEC data, GPS pseudo range data can be smoothened by carrier phase measurements. The "phase levelling" technique is used to compute precise phasederived slant TEC for each tracked satellite at each observation epoch [14] . The absolute slant TEC from the reference station can be measured directly from the normal dual frequency method expressed in (4).
( ) As slant TEC is a quantity which is dependent on the geometric ray path through the ionosphere, it is desirable to calculate an equivalent vertical value of TEC which is independent of the elevation of the ray path. The vertical GPS TEC is generally the main interest in the ionospheric research. Therefore, the slant TEC obtained from GPS observables is converted to a vertical value using a suitable mapping function. However, it is the conversion that introduces the error. This conversion introduces a few errors in the middle latitude where electron density is small. But it may result in obvious error at low latitude with large electron density and great gradient [15] . In order to refer the vertical TEC, the single layer thin-shell model was employed. In the analysis, the height of the single layer was set to 350-400 km above the earth's surface where the TEC vertical was determined. The mapping function is elevation dependent function which represents the ratio between vertical and slant TEC, given by the following formula.
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Result:
GPS data from Wisma Tanah, Kuala Lumpur, KTPK as a reference station and UPM Serdang, UPMS as a mobile station on 8 November 2005 was collected, processed and analysed. The baseline length was about 20 km. The GPS data was recorded in universal time system, whereby the sampling interval was 15s and the cut-off elevation mask was 10 .
Figures 2 to 8 show representative cases of the different situations found in the analysis. The absolute slant TEC from the reference station can be measured directly by using the normal dual frequency method. The elevation angle for reference stations is 74 for GPS satellite PRN 3. This can be calculated by using pseudo range and carrier phase measurements from the satellite. A model for computing the effects of the ionosphere was presented. The differential delay model can be seen for 1 hour (UT) and 3 hours (UT) for GPS satellites PRN 3 and PRN 23 respectively. The accuracy was achieved at cm level.
Figure (2):Different phase before scaled to different code (3 hour)for PRN 3
The plots in Figure 2 clearly indicate different phase before scaled to different code. The differential delay that can be calculated from P2-C1 of code measurements is noisy and influenced by multipath. Due to the ambiguity of the phase measurements the phase derived slant delay was scaled to zero relative range error at the first epoch. This eliminates the integer ambiguity provided there are no cycle slips. Figure 3 shows the differential delay (P2-C1) relative to phase advance (L1-L2). To eliminate the multipath effect code that is normally seen at both ends of the path or at low elevation angles, the differential delay code was fitted at the higher elevation angles. It must be noted that due to the multipath influence in the dual-frequency measurement, the higher elevation satellites have been chosen. This was done by defining a shift value and adding it to the relative phase to fit the code differential delay as can be seen in Figure 3 . This is called "Levelling Process", which was applied to reduce multipath of the data and from Figure 4 is TEC slant scaled to (P2-C1) which is in TECU unit.
Figure (3): Different delay (P2-C1) and relative advance (L1-L2)for PRN 3

Figure (4): TEC Slant Scaled to (P2-C1) for PRN 3
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Conclusion:
Based on the experimental results obtained, the following conclusions can be drawn. The work presented here has shown promising results based on the utilisation of carrier phase observation for precise positioning. The developed algorithm is a function of elevation angle and TEC along the path to the satellite from the reference station, and is applicable to any location and TEC. From this model it is revealed that the required difference in line of sight ranges of satellite to receiver between both stations as its input parameter can be obtained from the ephemeris message. Furthermore, a cheaper single frequency receiver can utilise this model without suffering from higher noise when using an expensive geodetic frequency receiver.
The TEC used in this model only takes into account its time variation over the reference station and assumes that the ionospheric error are correlated over the mobile station. So this model is mostly suitable for short baseline. From the model we can get differential ionospheric delay in sub-centimetre accuracy.
